Introduction
============

The risk of venous thromboembolism (VTE) is four to seven times higher in patients with cancer than in individuals without this disease.^[@b1-1050838],[@b2-1050838]^ The high incidence of cancer-associated thrombosis is probably related to a combination of the intrinsic prothrombotic activity of cancer cells, aggressive chemotherapy treatment, aging of cancer patients, and enhanced VTE detection owing to improvements in imaging technology and frequency of imaging.^[@b3-1050838]--[@b5-1050838]^ Anti-cancer therapies, either traditional chemotherapy, hormones or biological agents, can potentially increase the risk of VTE up to an annual rate of 15%, depending on the type and combination of agents, or the addition of radiotherapy.^[@b6-1050838]^ Survival of cancer patients has been significantly improved in recent times and this increases the time of risk exposure for VTE in cancer patients.

Based on these epidemiological data, several studies have been conducted aimed at assessing the role of anticoagulants in preventing VTE in ambulatory cancer patients treated with chemotherapy. These studies showed that prophylaxis with anticoagulants reduced the risk of VTE by about 50%, with no significant increase in the risk of major bleeding.^[@b7-1050838]^ However, the use of prophylaxis remains controversial because of concerns over the relatively low incidence of VTE in these patients, the risk-to-benefit ratio, the cost and the inconvenience of prolonged parenteral therapy. As a consequence, antithrombotic prophylaxis is still not recommended in ambulatory cancer patients treated with chemotherapy.^[@b8-1050838],[@b9-1050838]^ On this background, the current availability of oral anticoagulants that can be used with no laboratory monitoring reopens the issue of practicality of antithrombotic prophylaxis in ambulatory cancer patients.^[@b10-1050838]--[@b12-1050838]^ Three clinical trials on the use of new oral anticoagulants for this indication have recently been published.

We performed a meta-analysis of randomized studies to assess the clinical benefit of antithrombotic prophylaxis in ambulatory cancer patients receiving chemotherapy.

Methods
=======

The methods for this meta-analysis are in accordance with "Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)" (*<http://www.prisma-statement.org/>*).^[@b13-1050838]^

Study objectives and outcomes
-----------------------------

The primary objective of this meta-analysis of randomized controlled studies was to assess the efficacy of anticoagulant prophylaxis in preventing VTE in ambulatory cancer patients treated with chemotherapy. The secondary objective was to assess the safety of anticoagulant prophylaxis in these patients.

The primary outcome of the study was objectively confirmed VTE, defined as the composite of pulmonary embolism and/or deep vein thrombosis adjudicated according to the criteria and procedures of the individual studies. The secondary outcome was major bleeding defined according to the criteria of the individual studies. Ancillary outcomes were symptomatic VTE and fatal VTE.

Search strategy and study inclusion criteria
--------------------------------------------

We performed unrestricted searches in MEDLINE and Scopus using the terms "cancer AND venous thromboembolism AND prevention" and "cancer AND venous thromboembolism AND prophylaxis". Studies were independently selected by two authors (CB and MV) using predetermined criteria (detaied in the *Online Supplementary Data*).

Randomized controlled trials on the prevention of VTE in ambulatory cancer patients treated with chemotherapy were included in this meta-analysis and results pooled into two groups: (i) studies with VTE as the primary endpoint; and (ii) studies with death as the primary endpoint.

The kappa statistic was used to assess the agreement between reviewers regarding the studies selected.^[@b14-1050838]^

Statistical analysis
--------------------

We determined pooled incidences of study outcomes in patients randomized to anticoagulant prophylaxis or no prophylaxis and the pooled odds ratios (OR) with 95% confidence intervals (95% CI). We planned cumulative and separate analyses for studies with VTE or mortality as the primary outcome.

Sensitivity analyses were performed concerning (i) parenteral or oral anticoagulants; (ii) symptomatic VTE; (iii) fatal VTE; (iv) subgroups of patients based on the primary cancer site (lung, pancreas and breast); (v) patients considered as being at high-risk of VTE; and (vi) high-quality studies.

Study quality was evaluated using the Jadad score and the Cochrane risk assessment tool.^[@b15-1050838]^

Data were pooled by the Mantel-Haenszel method;^[@b16-1050838]^ results are reported according to a fixed-effects model in the absence of significant heterogeneity and to a random-effects model in the presence of significant heterogeneity.^[@b17-1050838],[@b18-1050838]^ The Cochran χ^2^ test and the I^2^ test for heterogeneity were used to assess between-study heterogeneity.^[@b16-1050838],[@b17-1050838]^ Significant heterogeneity was considered present at *P*\<0.10 and I^2^\>50%.^[@b18-1050838]^

Correction for zero cells was performed. Publication bias was assessed visually by the use of funnel plots.

Statistical analyses were conducted using Review Manager release 5.3 (The Cochrane Collaboration, Oxford, England) and StatsDirect 3.0.

Results
=======

Overall, 22 papers were found reporting on 23 studies fulfilling the inclusion criteria (flow diagram in *Online Supplementary Figure S1*).^[@b11-1050838]--[@b12-1050838],[@b19-1050838]--[@b38-1050838]^ After discussion among the authors, a randomized double-blind phase II study with apixaban compared to placebo was included in the analysis despite the main outcome being major bleeding.^[@b10-1050838]^ The reasons for inclusion were high-quality, appropriate study population and the potential to increase the power of the meta-analysis with respect to the efficacy and safety of oral anticoagulants. The main features of included studies are reported in [Tables 1](#t1-1050838){ref-type="table"} and [2](#t2-1050838){ref-type="table"}. The primary outcome was VTE in 16 studies and death in eight. The agreement between reviewers regarding study selection was good (kappa statistic: 0.88).

###### 

Main features of randomized studies on the role of anticoagulants in ambulatory cancer patients receiving chemotherapy with VTE as primary outcome.

![](105838.tab1)

###### 

Main features of randomized studies on the role of anticoagulants in ambulatory cancer patients receiving chemotherapy with death as the primary outcome.
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Among the 15 studies with VTE as the primary outcome, eight were double-blind studies with placebo as the comparator.^[@b10-1050838]--[@b12-1050838],[@b19-1050838],[@b21-1050838]--[@b22-1050838],[@b24-1050838]--[@b25-1050838]^ In five studies the comparator was no treatment and in one it was aspirin. One paper was composed of two 'twin-studies', one including patients with breast cancer and the other including patients with lung cancer. With regards to the study populations, these were limited to patients with a single primary site of cancer in eight studies (breast and pancreas in two studies each,^[@b19-1050838],[@b24-1050838],[@b26-1050838]--[@b27-1050838]^ acute lymphatic leukemia,^[@b20-1050838]^ multiple myeloma,^[@b23-1050838]^ glioma^[@b22-1050838]^ and lung^[@b24-1050838]^ cancer in one study each) while multiple cancers were included in seven studies. In three studies patients were eligible in the case of an estimated increased risk for VTE assessed by the Khorana score.^[@b11-1050838]--[@b12-1050838],[@b29-1050838]^ The number of study patients varied from a minimum of 34 to a maximum of 3,212. Asymptomatic or incidental VTE accounted for a study outcome event in nine studies.^[@b11-1050838]--[@b12-1050838],[@b24-1050838]--[@b26-1050838],[@b29-1050838]^ All but one of the studies were conducted in adult patients. A systematic assessment of thrombosis by screening tests was scheduled in three studies^[@b12-1050838],[@b20-1050838],[@b29-1050838]^ and was aimed at the diagnosis of lower limb deep vein thrombosis in two studies and to assess upper-body and cerebral vein thrombosis in one study ([Table 1](#t1-1050838){ref-type="table"}).

Among the studies with death as the primary outcome,^[@b30-1050838]--[@b38-1050838]^ two were double-blind studies with placebo as the comparator. In seven studies the comparator was no treatment. Patients were eligible in the case of a diagnosis of advanced cancer in four studies.^[@b31-1050838],[@b33-1050838]--[@b34-1050838],[@b36-1050838]^ No systematic assessment of thrombosis was scheduled ([Table 1](#t1-1050838){ref-type="table"}).

According to the Jadad scale, nine studies^[@b10-1050838]--[@b12-1050838],[@b19-1050838],[@b21-1050838]--[@b22-1050838],[@b24-1050838]--[@b25-1050838]^ were classified as good quality (*Onlne Supplementary Table S1*).

Efficacy of anticoagulant prophylaxis
-------------------------------------

In the 14 studies with VTE as the primary outcome and data available for the efficacy analysis (8,226 patients), the pooled incidence of symptomatic or asymptomatic (incidental) VTE was 2% in patients randomized to anticoagulant prophylaxis (95% CI: 2-3; I^2^=85%) and 6% in patients not randomized to anticoagulant prophylaxis (95% CI: 5-7; I^2^=91%). In these studies, anticoagulant prophylaxis reduced the incidence of VTE (OR=0.45, 95% CI: 0.36-0.56; I^2^=5%) ([Figure 1](#f1-1050838){ref-type="fig"}).

![**Efficacy of anticoagulant prophylaxis for the prevention of venous thromboembolism in ambulatory cancer patients receiving chemotherapy**. (A) Analysis of studies having venous thromboembolism or death as the primary outcome. (B) Analysis of studies with parenteral or oral anticoagulants. \*Warfarin was used for prophyaxis in one study.^[@b19-1050838]^](105838.fig1){#f1-1050838}

Among studies with VTE as the primary outcome, prophylaxis with parenteral anticoagulants (11 studies, 6,700 patients; OR=0.43, 95% CI: 0.33-0.56; I^2^=0%) and oral agents (3 studies, 1,526 patients; OR=0.49, 95% CI: 0.33-0.74; I^2^=57%) was associated with the same magnitude of reduction of VTE risk. However, significant heterogeneity was found in the analysis of studies with oral agents, which disappeared after the removal of a dose-ranging study from the analysis.

Anticoagulant prophylaxis reduced symptomatic VTE (OR=0.48, 95% CI: 0.39-0.60) but not fatal VTE (OR=0.52, 95% CI: 0.25-1.08) in studies with VTE as the primary outcome ([Table 3](#t3-1050838){ref-type="table"}; [Figure 2](#f2-1050838){ref-type="fig"}).

###### 

Results of sensitivity analyses.
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![**Efficacy of anticoagulant prophylaxis for the prevention of venous thromboembolism (VTE) in ambulatory cancer patients receiving chemotherapy in studies with VTE as the primary outcome**. (A) Efficacy for the prevention of symptomatic VTE. (B) Efficacy for the prevention of fatal VTE.](105838.fig2){#f2-1050838}

In the eight studies with death as the primary endpoint, prophylaxis was associated with a reduction of VTE (8 studies, 3,727 patients; OR=0.61, 95% CI: 0.47-0.81; I^2^=0%)

When all studies were pooled in a single analysis, anticoagulant prophylaxis was confirmed to reduce the incidence of VTE (22 studies, 11,953 patients; OR=0.51, 95% CI: 0.43-0.61; I^2^=2.4%) ([Figure 1](#f1-1050838){ref-type="fig"}) and of symptomatic VTE (17 studies, 10,374 patients; OR=0.49, 95% CI: 0.39-0.61; I^2^= 0%) with no heterogeneity ([Figure 2](#f2-1050838){ref-type="fig"}).

The reduction in the incidence of VTE with the use of anticoagulant prophylaxis was confirmed in patients with lung cancer (3 studies, 1,991 patients; OR=0.42, 95% CI: 0.26-0.67; I^2^=0%), pancreatic cancer (4 studies, 740 patients; OR=0.26; 95% CI: 0.14-0.48; I^2^=21%), in patients at estimated high risk according to the Khorana score (5 studies, 2,167 patients; OR=0.48; 95% CI: 0.34-0.68; I^2^=0%) and in high-quality studies (OR=0.47, 95% CI: 0.36-0.60), all from studies with VTE as the primary outcome ([Table 3](#t3-1050838){ref-type="table"}, [Figure 3](#f3-1050838){ref-type="fig"}).

![Efficacy of anticoagulant prophylaxis for the prevention of venous thromboembolism in ambulatory cancer patients receiving chemotherapy according to the primary site of cancer.](105838.fig3){#f3-1050838}

No evidence of publication bias was found in individual comparisons at visual inspection of funnel plots.

Safety of anticoagulant prophylaxis
-----------------------------------

For the analysis of safety, the results from studies with VTE or death as the primary outcome were pooled in a single analysis. Overall, 24 studies reported on the incidence of major bleeding in patients randomized to anticoagulant prophylaxis or no prophylaxis. The pooled incidence of major bleeding was 2% in patients randomized to prophylaxis or to no prophylaxis, with significant heterogeneity (95% CI: 0.17-0.31; I^2^\>50%). Heterogeneity persisted after removal of outlier studies and disappeared when the analysis was limited to high-quality studies.

Anticoagulant prophylaxis was not associated with an increase in the risk of major bleeding (24 studies, 12,014 patients; OR=1.30, 95% CI: 0.98-1.73; I^2^=0%) ([Figure 4](#f4-1050838){ref-type="fig"}). Similar results were obtained in studies with parenteral anticoagulants (21 studies, 10,713 patients; OR=1.27, 95% CI: 0.93-1.73; I2=0%) or oral anticoagulants (3 studies, 1,494 patients; OR=1.78, 95% CI: 0.83-3.83; I^2^=0%).

![Effect of anticoagulant prophylaxis on the incidence of major bleeding in ambulatory cancer patients receiving chemotherapy.](105838.fig4){#f4-1050838}

When the analysis was limited to high-quality studies or those with VTE as the primary outcome, the use of anticoagulant prophylaxis was associated with a marginally significant increase in major bleeding ([Table 3](#t3-1050838){ref-type="table"}).

Discussion
==========

This meta-analysis in ambulatory cancer patients treated with chemotherapy shows that anticoagulant prophylaxis, with either oral or parenteral agents, is associated with a 50% reduction in the incidence of VTE and no significant increase in major bleeding. The efficacy of prophylaxis in reducing VTE was consistent in studies with VTE or death as the primary outcome and in all sensitivity analyses.

Anticoagulant prophylaxis is currently used to prevent VTE in patients undergoing major cancer surgery as well as in cancer patients admitted to hospital for an acute illness.^[@b40-1050838]^ Despite the results of individual studies and previous meta-analyses, antithrombotic prophylaxis remained controversial and is still not recommended in ambulatory cancer patients treated with chemotherapy.^[@b8-1050838],[@b9-1050838]^ The main concerns regarding the use of antithrombotic prophylaxis for this specific indication were firstly the relatively low incidence of VTE in these patients. In our analysis, the incidence of VTE in studies in ambulatory cancer patients treated with chemotherapy varied from 2.3% to over 30% without anticoagulant prophylaxis. Such a huge variation is probably related to different study designs concerning populations (single primary site of cancer vs. multiple sites, high risk for VTE *vs*. all-comers), anticancer therapies (asparaginase *vs*. others, old *vs*. new regimens) and methods for VTE detection (screening *vs*. symptomatic events). In clinical practice, this heterogeneity is perceived by clinicians as uncertainty concerning the actual need for prophylaxis of VTE in each individual cancer patient. In fact, the risk of VTE correlates with the type of solid or hematologic cancer, the presence of metastatic disease, the use of chemotherapy or radiotherapy, surgery or hospitalization and, according to more recent research, to genetic cancer rearrangements (*ALK* and *ROS1* in lung cancer).^[@b41-1050838]--[@b43-1050838]^ A clinical model was proposed to categorize ambulatory cancer patients treated with chemotherapy according to their risk of VTE.^[@b44-1050838]^ A meta-analysis of 55 cohorts (34,555 ambulatory cancer patients) recently showed that although this model is able to identify categories of patients at different risk of VTE, most VTE events occur outside the high-risk group.^[@b45-1050838]^ Further studies should be performed to improve the selection of ambulatory cancer patients who are candidates for anticoagulant prophylaxis. Personalized medicine and big data technology could have a role in this process.

The second concern about the use of prophylaxis in cancer patients treated with chemotherapy is the inconvenience of prolonged parenteral therapy. A not negligible number of patients in the context of the selected clinical studies discontinued anticoagulant prophylaxis for reasons other than thrombosis or bleeding (about 30%). Hence, it may be problematic for large numbers of patients to tolerate longer durations of prophylaxis. In this scenario, the availability of oral anticoagulants that can be used with no laboratory monitoring and with the potential for few drug-drug interactions could solve at least the issue of parenteral administration and make prophylaxis acceptable also for extended periods. Three randomized studies have assessed the efficacy and safety of apixaban (2 studies)^[@b10-1050838]--[@b11-1050838]^ and rivaroxaban (1 study)^[@b12-1050838]^ for the prevention of VTE in cancer patients and provided promising results. In particular, our meta-analysis found similar risk reductions with parenteral or oral agents. Direct oral anticoagulants could make prophylaxis feasible for ambulatory cancer patients receiving chemotherapy as they will be more acceptable than parenteral agents for those at high risk of VTE.

An additional concern regards the risk-to-benefit ratio of anticoagulant prophylaxis. The pooled incidence of major bleeding was 2% in patients randomized to anticoagulant prophylaxis, with high variability across individual studies as shown by significant heterogeneity. Differences in study populations across individual studies could have had a major role as determinants of heterogeneity. No significant increase in the risk of major bleeding in patients randomized to receive anticoagulant prophylaxis, compared to the risk in controls, was found in this meta-analysis when all studies were pooled together. This finding is reassuring as cancer patients are known to have an increased risk of bleeding, mainly related to the primary site of the cancer, the need for invasive procedures and thrombocytopenia. However, the analysis on risk of major bleeding in high-quality studies and that in studies with VTE as the primary outcome showed a marginally significant increase in the risk of major bleeding by about 50%. Additional evidence on risk factors for major bleeding in ambulatory cancer patients receiving chemotherapy could help decision-making concerning the use of prophylaxis.

Fatal VTE was not significantly reduced by anticoagulant prophylaxis. This result should be considered taking into account the low rates of death deemed to be due to VTE in patients with advanced cancer. Indeed, previous studies failed to show an effect of heparin, given at either therapeutic or prophylactic doses, in improving survival in cancer patients. However, it should be taken into account that a diagnosis of new VTE in cancer patients may affect quality of life and lead to the interruption of anticancer treatment. In this view, preventing VTE can be a relevant clinical goal.

Among the sensitivity analyses, we included one on patients at 'high-risk' of VTE, which confirmed the efficacy of anticoagulant prophylaxis in this setting. The Khorana score was used to identify this population of patients.^[@b44-1050838]^ Even though no consensus exists on the optimal strategy to identify ambulatory cancer patients at high risk of a first VTE,^[@b45-1050838]^ the Khorana approach was followed in the two recent studies.^[@b11-1050838],[@b12-1050838]^ While the efficacy of anticoagulant prophylaxis was confirmed in this analysis, the incidence of VTE in the placebo arms in these two trials was 10%. Whether this incidence is high enough to recommend anticoagulant prophylaxis is controversial.

Our study has several limitations in addition to those intrinsic to a meta-analytic approach, which combines heterogeneous datasets. For example, the heterogeneity in the incidence of VTE was not resolved after excluding an outlier study in children receiving asparaginase^[@b20-1050838]^ and was also related to recent studies that specifically included patients at high risk of VTE. The inclusion of screening-detected or incidental VTE in the primary outcome could be a further determinant of heterogeneity. It should be considered that it has not been determined whether these events have different prognoses.^[@b50-1050838]^ Our analysis cannot answer the issue of the duration of anticoagulant prophylaxis in cancer patients receiving chemotherapy. Thanks to new anticancer treatments, the life expectancy of patients with several types of cancer has increased dramatically. The duration of prophylaxis tested in the studies included in this meta-analysis ranged from a minimum of 4 weeks to a maximum of 6 months for studies having VTE as the primary outcome and to a maximum of 12 months in studies having death as the primary outcome. Whether longer-lasting prophylaxis could be of benefit and maintain the same safety profile remains undefined. Finally, further data are required on the efficacy and safety of anticoagulant prophylaxis in patients receiving newer anticancer therapies, such as immunotherapy or biologics.

Our study also has some strengths. This is a meta-analysis of randomized studies, with results consistent across different sensitivity analyses and no heterogeneity. Moreover, differently from previous meta-analyses, we limited our primary efficacy analysis to randomized clinical trials with VTE as the primary outcome. Even though high-quality trials with death as the primary outcome have been conducted in this setting, our choice was aimed at reducing heterogeneity related to the use of therapeutic regimens of anticoagulants, to the longer duration of anticoagulant treatment and to gaining a more accurate assessment of the incidence of VTE during follow-up. However, the pooled analysis of all the trials with VTE or death as the primary outcome confirmed the efficacy of anticoagulants without heterogeneity. Moreover, to remain on the safe side, the primary safety analysis of major bleeding in our study included all the trials and did not show any safety signal.

In conclusion, we found that anticoagulant prophylaxis is effective and acceptably safe in ambulatory cancer patients treated with chemotherapy. The selection of the most suitable candidates (patients at increased risk of VTE) for anticoagulant prophylaxis among ambulatory cancer patients treated with chemotherapy is a crucial issue and further studies are required to optimize the efficacy of this intervention.
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